Peairs et al. Nutrition Journal 201 1, 10:122 
http://www.nutritionj.eom/content/10/1/122 




NUTRITION 
JOURNAL 



RESEARCH Open Access 



Effects of acute ingestion of different fats on 
oxidative stress and inflammation in overweight 
and obese adults 

Abigail D Peairs 1 ", Janet W Rankin 1 and Yong Woo Lee 2 



Abstract 

Background: Studies show that obese individuals have prolonged elevations in postprandial lipemia and an 
exacerbated inflammatory response to high fat meals, which can increase risk for cardiovascular diseases. As 
epidemiological studies indicate an association between type of fat and circulating inflammatory markers, the 
purpose of this study was to investigate the acute effect of different fat sources on inflammation and oxidative 
stress in overweight and obese individuals. 

Methods: Eleven overweight and obese subjects consumed three high fat milkshakes rich in monounsaturated fat 
(MFA), saturated fat (SFA), or long-chain omega 3 polyunsaturated fat (03FA) in random order. Blood samples 
collected at baseline, 1, 2, 4, and 6 hours postprandial were analyzed for markers of inflammation (soluble 
intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), tumor necrosis factor- a 
(TNF-a), and C-reactive protein (CRP)), oxidative stress (8-epi-prostaglandin-F2a (8-epi) and nuclear factor-reB (NF- 
kB)), and metabolic factors (glucose, insulin, non-esterified free fatty acids, and triglycerides (TG)). 

Results: 03FA enhanced NF-kB activation compared to SFA, but did not increase any inflammatory factors 
measured. Conversely, SFA led to higher ICAM-1 levels than MFA (p = 0.051), while MFA increased TG more than 
SFA (p < 0.05). CRP increased while TNF-a and 8-epi decreased with no difference between treatments. 

Conclusions: While most of the inflammatory factors measured had modest or no change following the meal, 
ICAM-1 and NF-kB responded differently by meal type. These results are provocative and suggest that type of fat 
in meals may differentially influence postprandial inflammation and endothelial activation. 

Keywords: meal challenge, postprandial, endothelial activation, obesity, NF-k?k?B 



Background 

Cardiovascular disease and type 2 diabetes are asso- 
ciated with obesity and are also linked to inflammation 
and oxidative stress [1]. Weight loss is effective in redu- 
cing these conditions [2], however, as only 1 in 5 over- 
weight people successfully maintain weight loss [3], 
alternative dietary strategies to improve health without 
weight loss are desirable. 

Most of each day is spent in the postprandial state. 
Increases in blood glucose and/or triglycerides following 
a meal stimulate oxidative stress, impair endothelial 



* Correspondence: Abigail. peairs@iuc.edu 

'Department of Human Nutrition, Foods, and Exercise, Virginia Polytechnic 

Institute and State University, Blacksburg, VA 24061. USA 

Full list of author information is available at the end of the article 



function, and cause a rise in circulating inflammatory fac- 
tors [4]. Research suggests that the negative postprandial 
responses are exaggerated in obesity and diabetes [4-6]. 
The repeated acute stresses induced by food ingestion 
(particularly high fat and/ or high calorie meals) may con- 
tribute to acute cardiac events and/or stimulate further 
development of atherosclerosis [7,8]. Although most clin- 
ical evaluation of cardiovascular disease risk is based on 
fasted blood values, muting of the excursions in athero- 
genic factors during the postprandial period could have 
important health consequences [9] . 

Previous research has shown that chronic ingestion of 
specific fats, such as saturated fats, increase cardiovascu- 
lar disease risk while other fats, including long chained 
omega 3 fats (n-3FA), reduce risk [10,11]. The 
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differential effect of these fats on chronic disease risk 
has been hypothesized to be mediated by unique effects 
on blood lipids, hemostasis, endothelial function, or 
inflammation [12]. For example, Tholstrup et al [13] 
observed different postprandial lipemic responses when 
they evaluated six meals differing in type of fat. In gen- 
eral, the longer and more saturated fats caused delayed 
and lower increase in plasma fats. One laboratory 
recently reported that acute monounsaturated fat inges- 
tion caused more impairment of flow mediated vasodila- 
tion than a high saturated fat meal [14] and another 
group showed that inclusion of a fish oil supplement 
helped to preserve endothelial function following a high 
fat meal [15]. Another group also reported improved 
vascular reactivity following a fish oil meal compared to 
a mixed fat meal, with a potential role for reduced oxi- 
dative stress [16]. 

Oxidative stress is hypothesized to be a significant 
mediator of impairment in postprandial endothelial func- 
tion as well as a stimulator of the inflammatory response 
following a high fat meal [17,18]. For example, Nappo et 
al [19] and Carroll et al [20] reported that ingestion of 
antioxidant vitamins blunted or eliminated the postpran- 
dial rise in inflammatory factors in type 2 diabetics. Since 
specific types of FA can differentially affect oxidative 
stress due to differences in chemical susceptibility to oxi- 
dation, it is of interest to determine whether acute inges- 
tion of fats differing in number of double bonds 
influences the postprandial inflammatory response. Bel- 
lido et al [21] observed an increase in activation of a 
redox-sensitive transcriptional factor, NF-kB, in periph- 
eral blood mononuclear cells following a meal high in 
butter or walnuts but not olive oil. This is intriguing and 
requires additional study to determine specific fatty acid 
effects, and information on the effects of meals specifi- 
cally enriched with n-3FA. The acute effects of n-3FA on 
oxidative stress and inflammation have not been exten- 
sively studied, especially in overweight individuals who 
may be more susceptible to inflammatory stimuli. 

In summary, diets high in n-3FA are typically asso- 
ciated with lower systemic markers of inflammation in 
many epidemiological studies [11], but there has been 
limited research with conflicting results concerning the 
acute effect of n-3FA ingestion on inflammatory 
response after a meal. As most of the day is spent in the 
postprandial state, and obese individuals experience 
greater oxidative stress and inflammatory responses to 
high fat meals compared to lean individuals, it is of 
interest to determine whether meal composition affects 
the postprandial inflammatory response. The objective 
of this study was therefore to clarify the role of different 
sources of fat in a high fat meal on inflammation and 
oxidative stress in overweight and obese adults. 



Methods 

Subject Selection 

Eleven overweight and obese (BMI > 27 kg/m 2 ), non- 
smoking, sedentary, weight stable adult subjects were 
recruited for this study. All subjects signed informed 
consent that had been approved by the Virginia Tech 
Institutional Review Board for Human Subjects after 
receiving full explanation of the procedures involved 
with this study. Subjects were excluded if they had any 
past or present cardiovascular disease, diagnosed dia- 
betes or inflammatory condition, or were taking medica- 
tions known to affect inflammation. Any use of dietary 
supplementation (i.e. antioxidants, vitamins/minerals, 
fish oil) ceased at least 2 weeks prior to starting the 
study. 

Study design 

Each subject completed three meal trials in a rando- 
mized, cross-over design with at least one week between 
trials first thing in the morning. Subjects were instructed 
to follow the same pattern of eating for the 3 days prior 
to each test day. Blood was collected from overnight 
fasted subjects prior to each test meal (time 0) as well as 
1, 2, 4, and 6 hours after meal consumption via repeated 
venipuncture. Subjects remained in the laboratory and 
were not allowed to consume any additional foods or 
beverages except water in the postprandial period. 

Meal composition 

All meals were high energy, high fat milkshakes, similar 
in energy and macronutrient composition, with the 
exception of the source and type of fat. The meals were 
high in mono-unsaturated fat, saturated fat, or con- 
tained a substantial dose of n-3FA. The fat source was 
blended with 1% milk, strawberry flavored syrup, low fat 
frozen yogurt, and non-fat dry milk powder. The fat 
sources in the meals were the following: refined olive oil 
(MFA), refined palm oil (SFA), and refined olive oil plus 
4 g of n-3FA from 8 g fish oil supplement pills (03FA, 
Vitamin World Super Omega-3 Fish Oil containing 300 
mg EPA, 200 mg DHA per 1 g). The milkshakes con- 
tained approximately 12.8 kilocalories per kilogram body 
weight with 59% fat, 30% carbohydrate, and 11% protein. 
The meals averaged 1267 calories with the 03FA adding 
36 calories. Two subjects were unable to finish their 
entire milkshake the first day, therefore, the remaining 
two milkshakes for those subjects were adjusted to 
match the amount consumed the first day (these were 
still substantial meal challenges providing 9-10 kcal/kg). 

Blood collection and processing 

Blood was collected into vacutainers containing anticoa- 
gulant at 0, 1, 2, 4, and 6 hours postprandial and 
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immediately placed on ice until processing. Blood was 
centrifuged (1000 x g), to obtain plasma for analysis of 
inflammatory, oxidative stress, and metabolic para- 
meters. Plasma was aliquoted into separate cryovials for 
each measure and immediately stored at -80°C. For iso- 
lation of peripheral blood mononuclear cells (PBMC), 
heparinized blood was mixed 1:1 with cold PBS and 
layered over lymphocyte separation media (LSM) (Med- 
iatech) for density gradient separation of PBMCs. 
PBMCs were harvested, rinsed twice, and subjected to 
the nuclear extraction protocol for measurement of 
nuclear factor - kB (NF-kB). Cells were kept on ice 
throughout the procedure. Nuclear extracts from 
PBMCs were prepared according to the method of 
Andrews and Faller [22] with minor modifications. 
PBMCs were lysed in 400 uL buffer A (10 mM HEPES- 
KOH pH 7.9, 1.5 mM MgC12, 10 mM KC1, 0.5 mM 
DTT, 0.2 mM PMSF), followed by centrifugation to 
obtain the nuclear pellet which was incubated in 20-40 
uL (depending on the pellet size) of buffer C (20 mM 
HEPES K-OH pH 7.9, 25% glycerol, 420 mM NaCl, 1.5 
mM MgCl2, 0.2 mM EDTA, 0.5 mM DTT, 0.2 mM 
PMSF) on ice. After centrifugation, the supernatant was 
collected, aliquoted, and immediately frozen at -80°C. 

Inflammatory marker analysis 

Plasma was analyzed in duplicate for soluble intercellu- 
lar adhesion molecule-1 (ICAM-1), soluble vascular cell 
adhesion molecule-1 (VCAM-1), tumor necrosis factor- 
a (TNF-a) (all R&D systems Minneapolis, MN), and C- 
reactive protein (CRP) (United Biotech, Mountain View, 
CA) via enzyme linked immunosorbent assays (ELISA). 

Oxidative stress marker analysis 

Both markers of oxidative stress, nuclear factor- kB (NF- 
kB) and 8-epi-prostaglandin-F2a (8-epi), were analyzed 
for 4 h postprandially as per previously reported rapid 
response within 1-4 h [23,24]. 8-epi was determined 
using gas chromatography mass spectrometry (GC/MS) 
by the Morrow laboratory according to the methodology 
of Milne and Morrow [25]. Briefly, free F2- isoprostanes 
were extracted from 1 ml of plasma. Deuterated [ H4]-8- 
iso- PGF2 a internal standard was added, vortexed, 
applied to a C18 Sep-Pak column, and extracted. F2-iso- 
prostanes were converted into pentafluorobenzyl esters, 
subjected to thin-layer chromatography, extracted from 
the silica gel with ethyl acetate, converted into trimethyl- 
silyl ether derivatives and analyzed by negative ion che- 
mical ionization GC/MS using an Agilent 5973 mass 
spectrometer with a computer interface. 

An electrophoretic mobility shift assay (EMSA) proce- 
dure was performed to measure NF-kB activation with 
as previously described [26]. Binding reactions were 
conducted in a 20 ul volume containing 2-4 ug (4 uL) 



of nuclear protein extracts, 10 mM Tris-Cl, pH 7.5, 50 
mM NaCl, 1 mM EDTA, 0.1 mM dithiothreitol, 10% 
glycerol, 2 ug of poly[dI-dC] (nonspecific competitor) 
and 40, 000 cpm of 32 P-labeled specific oligonucleotide 
probe. Double-stranded oligonucleotides with the con- 
sensus sequence of the binding site for transcription fac- 
tor NF-kB(5'-AGTTGAGGGGACTTTCCCAGG-3', 
(Promega, Madison, WI)) were labeled with [y- 32 P]-ATP 
(Amersham Pharmacia Biotech, Piscataway, NJ) using 
T4 polynucleotide kinase. Resultant protein-DNA com- 
plexes were resolved on native 5% polyacrylamide gels 
using 0.25 x TBE buffer (50 mM Tris-Cl, 45 mM boric 
acid, 0.5 mM EDTA, pH 8.4). Competition studies were 
performed by the addition of a molar excess of unla- 
beled oligonucleotide to the binding reaction. Gels were 
dried and exposed to x-ray film. Band intensity corre- 
sponding to specific NF-kB-DNA binding was deter- 
mined using Syngene GeneTools software (Imgen, 
Alexandria VA). The relative intensity units were calcu- 
lated in relation to the basal value for each subject for 
each trial. 

Metabolic variables 

Plasma glucose (Stanbio, Boerne, TX), non-esterified 
fatty acids (NEFA), and triacylglycerol (TG) were mea- 
sured spectrophotometrically with the latter two ana- 
lyzed using a technique adapted for microplate (Wako, 
Richmond, VA). Insulin was measured by ELISA (Mer- 
codia, Uppsala, Sweden). 

Statistics 

Any subject with more than one missing data point in 
more than one trial for more than one measure was 
excluded from the overall analysis. This resulted in one 
subject being excluded, therefore data are presented for 
n = 10. Data were analyzed for the effects of treatment, 
time, and the treatment by time interaction by two fac- 
tor RM-ANOVA using a mixed linear model and the 
baseline values as covariates. Treatment and time were 
fixed effects and subject was a random effect. Non-nor- 
mally distributed data were log transformed prior to 
analysis (CRP, 8-epi, TG). For clarity, the measured data 
are presented in figures. The area under the curve 
(AUC) for each dependent measure was calculated using 
the linear trapezoidal method and analyzed for differ- 
ence by treatment via a one factor ANOVA using a 
mixed linear model with the baseline values as covari- 
ates. Post hoc analyses were conducted only when a sig- 
nificant effect was detected with ANOVA to determine 
which treatments or time points were different. Data are 
presented as mean ± standard error of the mean (SEM), 
a p-value < 0.05 was considered significant, and all ana- 
lyses were carried out using SPSS version 15.0 (SPSS, 
Chicago IL). 
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Results 

Fasting measurements 

There were no reported differences in dietary intake or 
physical activity level between meal trials. Initial subject 
characteristics and average fasting levels (of the 3 base- 
line values) for inflammatory, oxidative stress, and meta- 
bolic variables are located in Table 1. Data are also 
presented by gender, however, as gender was not 
included in the statistical analysis due to a modest sub- 
ject number, it is presented for exploratory purposes 
only. Waist circumference was positively correlated with 
both average fasted plasma glucose (r = 0.713, p = 
0.014) and TG (r = 0.645, p = 0.032) levels, while body 
mass index was positively correlated with several mar- 
kers of inflammation including plasma levels of TNF-a 
(r = 0.661, p = 0.027), CRP (r = 0.857, p = 0.007), and 
ICAM-1 (r = 0.778, p = 0.008). Fasted glucose and TG 
were strongly correlated (r = 0.930, p < 0.001), while 
insulin tended to correlate with ICAM-1 (r = 0.652, p = 
0.052). Fasted CRP was positively correlated with both 
ICAM-1 (r = 0.838, p = 0.002) and the oxidative stress 
marker 8-epi (r = 0.734, p = 0.016). Other combinations 
of fasting measures did not exhibit significant correla- 
tions (p > 0.05). 

Postprandial Responses 
Inflammatory Markers 

Plasma CRP increased slightly over time (p = 0.045) 
with no difference between meals (Figure la), while 
TNF-a decreased and VCAM-1 tended to decrease fol- 
lowing the meals (p < 0.01 and p = 0.085 respectively) 
with no difference between treatments (Figure lb and 
Figure lc). Plasma ICAM-1 did not change significantly 



following the meals examined together, but remained 
lowest for the MFA treatment (p = 0.031), and the 
ICAM-1 AUC was greater for SFA than MFA (p = 
0.051) (Figure Id). 
Oxidative Stress Markers 

Although there was no significant combined-meal post- 
prandial effect on NF-kB, it was higher throughout the 
4 h postprandial period for 03FA than SFA, resulting in 
a greater AUC (p = 0.046, Figures 2a and 2b). 8-epi 
decreased during the postprandial period (p = 0.019) 
with no difference between treatments (Figure 2 c and 
2d). 

Metabolic Variables 

As expected, there were significant effects of meal inges- 
tion on plasma insulin (p < 0.001), glucose (p = 0.019), 
NEFA (p < 0.001), and TG (p < 0.001) (Table 2). Insulin 
and glucose increased 1 h postprandial and then 
returned to baseline levels. NEFA had the opposite 
trend, decreasing initially and then rebounding to base- 
line, while TG increased steadily over time. Type of fat 
in the meal did not influence the plasma glucose or 
NEFA response. However, the insulin AUC tended to be 
lower for SFA than 03FA (p = 0.076) while TG were 
lower for SFA than MFA (p = 0.019). 

Discussion 

The key findings of this study were that the type of fat 
in a high fat meal differentially influenced levels of the 
redox sensitive transcription factor NF-kB and the solu- 
ble adhesion molecule ICAM-1 in overweight and obese 
individuals. The observation in our study that a meal 
containing a substantial dose of n-3FA (DHA +EPA) led 
to higher levels of NF-kB than a meal high in saturated 



Table 1 Subject characteristics and average fasting values for dependent measures 



Measure 


All subjects 




Male Subjects 


Female subjects 




Mean ± SEM 


Range 


Mean ± SEM 


Mean ± SEM 


N 


10 




4 


6 


Age (years) 


31.3 ± 3.3 


21-47 


38.5 ± 4.2 


29.5 ± 4.4 


Weight (kg) 


98.6 ± 5.7 


71-124 


107.7 ± 6.4 


92.6 ± 8.0 


Waist (cm) 


99.5 ± 4.8 


78-122 


1 08.8 ± 5.4 


93.3 ± 6.2 


Body Mass Index (kg/m 2 ) 


34.6 ± 2.0 


27-45 


33.0 ± 1.5 


35.6 ± 3.2 


C-reactive protein (mg/L) 


3.5 ± 1 .4 


0.3-10.0 


2.2 ± 1.1 


4.7 ± 1.5 


Tumor necrosis factor-a (pg/mL) 


1.30 ± 0.12 


0.85-1 .64 


1.26 ± 0.21 


1.32 ± 0.15 


Intercellular adhesion molecule-1 (ng/mL) 


210 ± 11 


163-269 


194 ± 14 


220 ± 15 


Vascular cell adhesion molecule-1 (ng/mL) 


677 ± 42 


447-924 


658 ± 52 


690 ± 65 


8-epi-prostaglandin-F2a (pg/mL) 


0.08 + 0.01 


0.05-0.14 


0.06 ± 0.01 


0.10 ± 0.01 


Glucose (mmol/L) 


6.0 ± 0.3 


4.8-8.5 


6.8 ± 0.6 


5.5 ± 0.2 


Insulin (mU/L) 


11.0 ± 2.1 


4.8-26.4 


1 0.0 ± 2.2 


11.6 ± 3.3 


Triglycerides (mmol/L) 


1.58 ± 0.47 


0.63-5.50 


2.52 ± 1.08 


0.95 ±0.13 


Non-esterified fatty acids (mmol/L) 


0.33 ± 0.04 


0.12-0.49 


0.34 ± 0.08 


0.32 ± 0.04 
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Figure 1 Inflammatory mediator response to three high fat meals differing in fat type. Plasma a) C-reactive protein (CRP) increased over 
time (p < 0.05), b) tumor necrosis factor-a (TNF-a) decreased over time (p < 0.001), c) Soluble vascular cell adhesion molecule-1 (VCAM-1) 
tended to decrease over time (p < 0.085), and d) Soluble intercellular adhesion molecule-1 (ICAM-1) but remained lower for MFA (p = 0.031) 
than both 03FA and SFA, and the area under the curve was higher for SFA than MFA (p = 0.051) as assessed by ELISA. Data are presented as 
Mean ± SEM. 03FA = omega 3 fatty acid enriched meal, SFA = high saturated fat meal, and MFA = high monounsaturated fat meal. * indicates 
time point difference from baseline (p < 0.05). 



fat is intriguing since generally epidemiological and in 
vitro studies support an anti-inflammatory effect of 
these fats [12]. For example, pre-exposure to n-3FA 
reduced pro-inflammatory responses in vascular 
endothelial cells [27]. However, other in vitro studies 
have reported that exposure to EPA increases or pro- 
longs cell-stimulated NF-kB activation [28,29] It is not 
necessarily surprising that the acute responses to n-3FA 
are different than to chronic ingestion because repeated 
supplementation allows for the incorporation of n-3FA 
into cell membranes. n-3FA partially replace arachidonic 
acid and result in the production of the less prothrom- 
bic and inflammatory n-3FA-derived metabolites than 
those produced from arachidonic acid [11,30]. Cell 
exposure after acute ingestion is likely too brief to result 
in substantial membrane incorporation. Thus, the tar- 
gets are more likely rapid reactors such as transcrip- 
tional factors. NF-kB is a redox sensitive transcription 
factor that regulates the gene expression of many 
inflammatory proteins and has recently been shown to 



contribute to endothelial dysfunction in overweight and 
obese adults [31]. 

Interestingly, while the activation of NF-kB is consid- 
ered a pro-inflammatory signal, we did not observe a 
subsequent increase in circulating inflammatory marker 
concentration following the high n-3FA meal (03FA). 
Aljada et al [24] observed an increase in nuclear NF-kB 
binding in PBMC as well as expression of enzymes that 
activate this transcriptional factor within an hour of 
ingestion of a mixed meal. This was followed by a 28% 
increase in plasma CRP 3 h after the meal but no 
change in sICAM. The lack of association between upre- 
gulation of NF-kB by 03FA and inflammatory proteins 
in our study may be related to an insufficient duration 
of assessment or lack of measurement of other impor- 
tant transcriptional factors (e.g. API) or inflammatory 
factors (e.g. IL-6). For example, an increase in ICAM-1 
following a butter-rich meal was not detected until 9 h 
postprandial [21], and another study showed postpran- 
dial effects at the mRNA level [32]. Evidence that other 
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Time Postprandial Meal Type 



Figure 2 Oxidative stress marker response to three high fat meals differing in fat type. Over 4 h, a) the area under the curve for 
peripheral blood mononuclear cell nuclear factor-fcB (NF-kB) activation was higher for 03FA than SFA (p < 0.05) as determined by densitometric 
data analysis following EMSA analysis and b) shown in a representative EMSA image of NF-kB activation. Also, c) plasma 8-epi prostaglandin F2a 
(8-epi) analyzed by GC/MS decreased over time with no difference between groups (p < 0.02) and d) no difference in area under the curve. 
Data are presented as Mean ± SEM. 03FA = omega 3 fatty acid enriched meal, SFA = high saturated fat meal, and MFA = high 
monounsaturated fat meal. * indicates time point difference from baseline. a ' b Difference in superscript denotes difference between meals as 
the area under the curve for 03FA > SFA (p<0.05).. 



transcriptional factors may be affected by fatty acids was 
provided by a study demonstrating that the saturated 
fat-induced IL-6 release from cultured cells was inde- 
pendent of the NF-kB pathway [33]. 

Few clinical trials have examined the acute inflamma- 
tory and signaling responses to different fatty acids in 
humans. Similar to our study, Bellido et al [21] reported 
that a high fat meal containing polyunsaturated fats 
increased NF-kB. However, unlike our study; they noted 
the same effect 3 h after ingestion of a high saturated 
fat meal. It is possible that differences in fat sources 
played a role, as they used butter as the saturated fat 
source, while we used palm oil. Butter contains substan- 
tial amounts of medium chain fatty acids and half the 
proportion of palmitate as palm oil. This difference in 
palmitate content of the fats could help explain differ- 
ences in results since in vitro studies have shown that 
lower levels of palmitic acid induce activation but higher 
levels can result in suppression of NF-kB [33]. 



The discrepancy between the view of n-3FA as anti- 
inflammatory [34,35] and our observed increase in NF- 
kB following acute n-3FA could be related to an adap- 
tive effect that occurs with repeated exposure to n- 
3FA. It is possible that acute increases in NF-kB fol- 
lowing n-3FA consumption are transient and occur 
when the individual is relatively naive to n-3FA (low 
habitual dietary intake). Acute activation of NF-kB in 
this situation could serve to upregulate antioxidant sta- 
tus over time [36] and buffer sensitivity to inflamma- 
tory stimuli. This is similar to the effects of acute 
bouts of exercise which are shown by some studies to 
acutely increase inflammation and oxidative stress, but 
chronically reduce systemic inflammation [37]. Future 
research into the mechanisms by which the high n- 
3FA meal increased NF-kB acutely and whether this 
response changes over time with repeated ingestion is 
necessary to better understand the health effects of 
dietary n-3FA. 
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Table 2 Postprandial (PP) metabolic measures (mean ± SEM) following three meals differing in fat type (n = 10) 









Time | 


Doint 








Area under 


Measure 


Baseline 


1 h PP 


2 h PP 


4 h 


PP 


6 h PP 


the curve 


Glucose (mmol/L)* a 


03 FA 


5.9 ± 0.3 


6.7 ± 0.5 


6.1 ± 0.5 


5.7 d 


: 0.3 


6.2 ± 0.5 


36.4 ± 2.0 


SFA 


6.2 ± 0.5 


6.2 ± 0.7 


6.4 ± 0.6 


5.9 d 


: 0.5 


5.9 ± 0.4 


36.5 + 3.0 


MFA 


5.8 ± 0.2 


6.2 ± 0.5 


5.4 ± 0.3 


5.7 d 


: 0.2 


5.9 ± 0.2 


34.4 ± 1 .3 


Insulin (mU/L)* b 


03 FA 


1 2.6 ± 3.8 


54.8 ± 14.8 


43.4 ± 


10.9 


16.4 


± 3.2 


1 1.5 + 1 .9 


171 ±36 


SFA 


8.9 ± 1 .2 


46.9 ±11.9 


29.0 ± 


6.2 


10.7 


± 1.0 


9.8 ± 2.3 


126 ± 20 


MFA 


11.5 ± 2.2 


40.2 ± 1 0.5 


33.1 ± 


8.3 


18.6 


± 4.4 


14.7 ± 4.3 


148 ± 34 


Triglycerides (mmo 


/L) t* c 
















03 FA 


1 .49 ± 0.45 


1 .79 ± 0.45 


1.61 ± 


0.40 


1.92 


± 0.38 


2.28 ± 0.59 


11.08 ± 2.52 


SFA 


1 .42 ± 0.38 


1 .34 + 0.27 


1.24 ± 


0.26 


1.63 


± 0.30 


1 .65 ± 0.30 


8.83 ± 1.69 


MFA 


1 .82 ± 0.63 


2.27 ± 0.66 


2.25 ± 


0.58 


2.41 


± 0.59 


2.79 ± 0.74 


13.97 ± 3.68 


Non-esterified fatty 


acids (mmol/L)* d 
















03FA 


0.33 ± 0.05 


0.17 ± 0.04 


0.10 ± 


0.02 


0.20 


± 0.02 


0.39 ± 0.05 


1.27 ± 0.15 


SFA 


0.37 ± 0.06 


0.10 ± 0.02 


0.08 ± 


0.02 


0.21 


± 0.03 


0.39 ± 0.05 


1.22 ± 0.15 


MFA 


0.29 ± 0.05 


0.15 ± 0.06 


0.14 ± 


0.05 


0.20 


± 0.02 


0.32 ± 0.04 


1.21 ± 0.20 



03FA = omega 3 fatty acid enriched meal, SFA = high saturated fat meal, and MFA = high monounsaturated fat meal 
t Effect of treatment p < 0.05, MFA > SFA 
* Effect of time p < 0.05 
a 1 h PP > all other time points 
b 1 h PP > all time points, 2 h PP > all except 1 h 
c baseline < all PP time points 
d baseline > all time points except 6 h PP 

Chronic ingestion of n-3FA has been reported to 
increase indicators of oxidative stress in some studies 
[38,39] but not others [40,41]. Few studies have evalu- 
ated the effects of acute ingestion of n-3FA on oxidative 
stress but the presence of many double bonds suscepti- 
ble to oxidation theoretically provides a rationale for 
increased acute oxidative stress. Hall et al [42] observed 
a 48% increase in plasma 8-epi 6 h following ingestion 
of high fat meal containing 5 g of n-3FA. Plasma con- 
centration of this indicator of lipid peroxidation did not 
significantly increase following our high n-3FA meal but 
the average level tended to rise at 4 h postprandial. It is 
possible that our sampling period or our lower dose of 
n-3FA were insufficient to detect a change in this mar- 
ker of oxidative stress. 

ICAM-1 is constitutively expressed on the surface of 
endothelial cells and its release into the blood increases 
in response to inflammatory stress [43]. Our study sup- 
ports the observed increase in ICAM-1 following acute 
saturated fat ingestion by lean individuals consuming a 
meal high in butter [21] and another report of lower 
postprandial ICAM-1 (AUC) for an olive oil meal com- 
pared to a higher saturated fat meal [44]. Chronic con- 
sumption may also influence postprandial response to 
these fats as a high monounsaturated fat diet for 12 
weeks prior to an acute monounsaturated fat challenge 



had a favorable effect on postprandial ICAM-1 levels 
compared to 12 weeks of a higher saturated fat diet 
prior to a high saturated fat meal in metabolic syndrome 
patients [45]. Although the predictive role of ICAM-1 in 
CVD risk is unclear, it has been associated with future 
myocardial infarction risk [46], thus, the mechanism and 
implications of a postprandial increase in ICAM-1 
deserve further study. 

In regards to postprandial effects of high fat meals on 
triglyceride (TG) levels, our findings are contrary to 
Zampelas et al who showed that a meal high in fish oil 
reduced postprandial TG [47]. On the other hand, Jack- 
son et al did not show differences in acute postprandial 
TG levels following an n-3FA rich meal in comparison 
to other fats [48]. Clearly, there is insufficient evidence 
in this area; and our results add to the little information 
available regarding the acute effects of n-3FA on post- 
prandial TG. Interestingly, we also noted lower levels of 
postprandial TG following SFA compared to MFA. This 
is in line with Pacheco et al [44] who also noted lower 
TG over an 8 h period following a high palmitic sun- 
flower oil meal compared to an olive oil meal. 

One criticism of our study could be a relatively small 
number of subjects. However, a number of other studies 
reporting postprandial inflammatory response differ- 
ences among different meals used a similar sample size 
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[20,21,24], and since all subjects served as their own 
controls, variability between treatments was minimized. 
It is unlikely that testing more similar subjects would 
provide a different result for those factors that showed 
almost parallel responses following meals (e.g. VCAM-1, 
CRP). We did, however, calculate the number of sub- 
jects that would be necessary to achieve statistical differ- 
ence between meal trials with 80% power for TNF-a 
and 8 epi. A total of 359 and 74 subjects would have 
been needed to allow determination that the trials 
caused differential responses (area under the curve) in 
TNF-a and 8 epi, respectively. This was not feasible and 
suggests that any difference in effect of the fats on these 
variables is very modest, if it exists at all, and that the 
variability in the measures is substantial. It is recom- 
mended that future studies including these measures 
attempt to reduce variability by choosing subjects with 
similar baseline inflammatory markers to attempt to 
address this. Our results may also only be applicable to 
overweight and obese individuals, although this is quite 
a large proportion of the population. 

Overall, consumption of a high fat meal in our over- 
weight subjects resulted in mixed effects on inflammatory 
markers, most of which were not robust. While some stu- 
dies have shown that high fat meals lead to acute increases 
in some markers of inflammation and oxidative stress 
[19,49], others report inconsistent responses [6,50,51]. It is 
possible that a longer sampling period or measurement of 
gene expression and other gene products that may be 
more responsive to postprandial stresses was needed. For 
example, one lab reported significant increases in mRNA 
for TNF-a [52], transcriptional factors (AP-1, Egr-1), and 
matrix metalloproteinases [53] following acute glucose 
ingestion and another reported increased IL-6 mRNA fol- 
lowing high fat meals [32]. In addition, studies reporting 
robust inflammatory responses to meals typically used 
subjects with insulin resistance [54], diabetes [19,20], or 
elevated baseline inflammation [55]. Our subjects may 
have been too healthy to trigger a major inflammatory 
state following the meals. 

Conclusions 

While most of the inflammatory factors measured had 
modest or no change following the meal, ICAM-1 and 
NF-kB responded differently by meal type. These results 
suggest that type of fat in meals can differentially influ- 
ence postprandial inflammation and endothelial activa- 
tion. Additional work is needed in this area to 
determine the long term effects and/or whether adapta- 
tion occurs with repeated ingestion of these fats. 
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